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Figure 1. Problems in design

Human-Gentered Design:
Creating Successful Products,
Systems, and Organizations

William B. Rouse

veryone wants new prod-

ucts and systems to be user

friendly, user centered, and
ergonomically designed. Everyone en-
dorses these goals. However, as illus-
trated in Figure 1, many products and
systems fall far short of achieving them.
Why?

One answer is that human factors
concepts, principles, and methods are
not sufficiently advanced to meet this
need. However, this is only a partial
explanation. The fact is that most
currently available concepts, principles,
and methods have relatively little im-
pact on product and system design.
Clearly, therefore, more unused results
will not improve the situation.

sons why current concepts, principles,
and methods do not impact design.
The answer lies in understanding the
human factors of design — in other
words, understanding the abilities, limi-
tations, and preferences of those who
are expected to employ the products of
human factors research and develop-
ment (R&D).

The Nature Of Design

To understand the human factors of
design, we must focus on the engineer-
ing functions within industrial and gov-
ernmental enterprises responsible for
developing products and systems. The
necessary understanding cannot be

Continued on page 2
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found within aircraft cockpits or main-
tenance depots. The people who
should be studied are designers and
managers, not pilots and maintainers.
Several studies of the human factors of
design have been performed (e.g.,
Rouse & Boff, 1987; Rouse, Cody, &
Boff, 1991). These studies used inter-
views, questionnaires, and observa-
tional methods involving 240 individu-
als, roughly half of whom were from
industry and half from government.

Designers spend their time in both
group and individual activities. For
journeymen and seasoned designers,
the time allocation is typically 30 per-
cent in group activities and 70 percent
in individual activities. Junior design-
ers spend more time in group activity
for the purpose of learning. Very
senior designers spend more time in
group activity, serving as coaches and
mentors.

The design group or team has sev-
eral roles. The group is usually in-
volved with decomposing the state-
ment of work or other descriptions of
objectives, requirements, and specifi-
cations. Based on this decomposition,
the group will set technical goals, as
well as allocations of person-hours and
schedule, for members of the group.
Pursuit of these technical goals is pre-

dominantly an individual activity. The
group subsequently reviews the results
of these individual efforts.

The organization, both of the com-
pany and the marketplace, strongly
affects both group and individual ac-
tivities. Company policies and proce-
dures directly influence activities. Suc-
cess criteria and reward mechanisms,
both internal and external to the com-
pany, affect motives and values. Cor-
porate and market cultures influence,
for example, relative weightings on
performance, cost, and quality.

Thus, design involves a complex
social and organizational network
within which designers and managers
seek information, formulate problems,
synthesize and integrate solutions, ad-
vocate positions, and negotiate com-
promises. Within this often chaotic
world, little time is devoted to seeking
human factors concepts, principles,
and methods.

Human-Centered Design

What designers need are methods
and tools that help them succeed in
complex environments such as de-
scribed above. Recognition of this
need led to the development of a
concept called human-centered design

Are the benefits of system use sufficiently
greater than its costs?

Do organizations/individuals use the

Does the system solve the problem?
Does the system meet requirements?
How do observers react to the system?

Is the system put together as planned?

VIABILITY —
ACCEPTANCE  —
system?
VALIDATION —
EVALUATION —
DEMONSTRATION —
VERIFICATION —>
TESTING —

Does the system run, compute, etc,?

Figure 2. Design issues

(Rouse, 1991). Succinctly, human-
centered design is a process of ensur-
ing that the concerns, values, and per-

ceptions of all stakeholders in a design

effort are considered and balanced.

Thus, human-centered design focuses
on stakeholders, not just users. To
illustrate, pilots as users of aircraft
cockpits are important stakeholders.
However, pilots do not build, buy,
regulate, or maintain aircraft. There
are many more stakeholders in aircraft
than just pilots, and the concerns, val-
ues, and perceptions of all these stake-
holders should be addressed.

We have found that the seven issues |

listed in Figure 2 are formed by com-
bining the interests of all stakeholders.
Human-centered design involves pur-
suing these issues starting at the top.
Thus, the last concern is “Does it run?”
while the first concern is “What mat-
ters?” or “What constitutes benefits and
costs?”

If the issues in Figure 2 were each
pursued independently, as if they were
ends in themselves, the costs of design
would be untenable. However, each
issue is important and should not be
neglected. What is needed, therefore,
is an overall approach to design that
balances the allocation of resources
among the issues of concern at each
stage of design. This can be accom-
plished by viewing design as a process

involving the four phases shown in |

Figure 3.

The naturalist phase involves under-
standing the domains and tasks of
users from the perspective of individu-

als, the organization, and the environ- |
ment. The focus is on understanding

the nature of viability, acceptability,

and validity in the domain for which |

the product or system is targeted.
The marketing phase involves intro-
ducing product and system concepts to
potential customers, users, and other
stakeholders. Their reactions are
needed relative to viability, acceptabil-
ity, and validity. In other words, one
wants to determine whether a product
or system concept is perceived as solv-

ing an important problem, solving itin |

an acceptable way, and solving it at a
reasonable cost.

The engineering phase concerns trad-
ing off conceptual functionality and
technological reality. As indicated in
Figure 3, technology development will
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usually have been pursued prior to and
in parallel with the naturalist and mar-
keting phases. In the engineering
phase, one becomes very specificabout
how desired functionality is to be pro-
vided, what performance is possible,
and the time and dollars necessary to
provide it. In this process, evaluation,
demonstration, verification, and test-
ing are pursued.

In the sales and service phase, one
follows the product or system into
service to gain closure on viability,
acceptability, and validity. Implemen-
tation problems are solved during this
phase. Further, relationships are main-
tained and new opportunities recog-
nized. This typically expedites the
next naturalist and marketing phases.

The human-centered design meth-
odology tersely outlined in this section
potentially enables creation of prod-
ucts and systems that are user friendly,
user centered, ergonomically designed,
and much more. For this potential to
be fully realized, the human-centered
concept must be expanded.

The Human-Centered Enterprise

The methodology discussed in the
last section provides the technical basis
for human-centered design. Also re-
quired, however, is an appropriate
managerial basis. Traditionally, the
three pillars of management are plan-
ning, organization, and control. Thus,
the human factors of management must
address human abilities, limitations,
and preferences in these activities.

Studies of management of design in
particular, and technology-based en-
terprises in general, led to the concept
of human-centered planning, organi-
zation, and control (Rouse, 1992). More
specifically, the concern was with how
enterprises should be designed to best
support development, marketing, and
service of human-centered products
and systems.

The resulting approach to manage-
ment includes a variety of elements.
For example, methods of planning,
organization, and control are simpli-
fied and streamlined to emphasize us-
ability and usefulness. As another
illustration, explicit models of the en-
terprise’s functioning are developed.
Training is provided to ensure that
these models are shared by all stake-

NATURALIST

Y

SALES

AND
SERVICE

REFINEMENT

" TECHNOLOGY
. FEASIBILITY -~

/" TECHNOLOGY ™
.. DEVELOPMENT .

“ TECHNOLOGY ™

Figure 3. A framework for design

holders within the enterprise.

The concept of a human-centered
enterprise is important in that it en-
ables, perhaps even empowers, de-
signers to pursue human-centered de-
sign of products and systems. Conse-
quently, it is not a matter of manage-
ment simply allowing human-centered
design; it is important for management
to extol this approach.

Summary

Human factors professionals often
view themselves as advocates of end
users — for example, aircraft pilots.
They research pilots’ abilities, limita-
tions, and preferences and develop
end user-centered concepts, principles,
and methods. Unfortunately, how-
ever, they typically ignore their own
customers and their own users. They
concern themselves little with the use-
fulness and usability of the products of
human factors R&D. Consequently,
human factors often fails to have an
impact. However, by considering the
human factors of design, as well as the
human factors of management, it is
quite possible to provide concepts,
principles, and methods that will be

embraced and, subsequently, provide
the intended benefits to end users. @
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The COTR Speaks

Reuben L. Hann

SERIAC is celebrating its
third anniversary this
month. It is hard to believe
that three years have passed since the
realization of Dr. Ken Boff’s dream: to
establish an analysis centerwhich serves
the information needs of human fac-
tors practitioners and users across the
entire federal, academic, and industrial
spectrum. As with any new enterprise,
there has been the usual frustration
with slower progress than expected in
some areas. However, we are proud of
CSERIAC’s accomplishments in this
short time. Hundreds of technical in-
quiries from every conceivable type of
user have been processed, and feed-
back has been overwhelmingly favor-
able. It is clear that CSERIAC is provid-
ing a valuable service. In addition,
almost twenty different technical prod-
ucts are available for purchase, and a
whole range of in-house and distrib-
uted publications, as well as workshop
and seminar services, are available.
The greatest challenge continues to be
getting the word out to the user com-
munity. If you know of anyone who
should be on our mailing list, please let
us know. Help us to spread the word.

The lead article in this issue is con-
tributed by William Rouse, one of the
leaders in the application of human
factors to the design process. Dr. Rouse
stresses the importance of considering
all users of human factors, not just the
end user. Through the application of
his “Human-Centered Design” prin-
ciples, he asserts, the resulting system
will have maximum overall acceptance
and will provide optimum benefit to
the end user.

This month’s “government” article
presents an approach to dealing with
the problem of aircrew error mishaps.
Robert Alkov, of the Naval Safety
Center, describes a special training
program using crew coordination and
situational awareness techniques to
enhance cockpit communications.

This month’s Chief Scientist’s Report

is a special article by CSERIAC Senior
Analyst Mike Gravelle. He describes
how CSERIAC is providing extensive
information search, review, and analy-
sis services for the U.S. Army Tank-
Automotive Command (TACOM). A
variety of questions need to be ad-
dressed in the development of the new
Composite Armored Vehicle concept.
As you will see, many of the questions
deal with problems you may have
encountered in your own situation.

Clifford Gross of the Biomechanics
Corp. of America describes a new
software package, Mannequin. It pro-
vides the capability to investigate hu-
mans in their environment, in 3-D,
using a standard PC system. It has built-
in anthropometric percentile data for
multiple nationalities, operates under
a window-like environment, and
offers a variety of special capabilities
for interacting with other software
packages.

A primary objective of CSERIAC is to
assist in transitioning technology de-
veloped in government and academic
laboratories to the greater user com-
munity—to become a technology trans-
fer “gateway.” One of our newest staff
members, Craig Dye, presents a de-
tailed discussion of the CSERIAC Tech
Transfer Program, covering back-
ground, present capability, benefits to
contributors, and future plans. With
Craig on board we expect to see the
Tech Transfer Program accelerate.
Please contact him if you think any of
your own technical products would
benefit others. CSERIAC will see that
you get full credit for your work.

Speaking of CSERIAC Tech Transfer
products, one of our more impressive
offerings is the Biodynamics Data Bank
(BDB), described in this issue by staff
member Trudy Abrams. Based on re-
search conducted over a 15-year pe-
riod by the Armstrong Laboratory, it
includes data from 4900 impact tests
collected from 28 individual experi-
ments. Trudy gives a detailed account

of the BDB structure and the kinds of
analyses offered, including a couple of
examples.

CSERIAC has only been in existence
three years, but has already built a
reputation for being the first place to
turn when quick, authoritative answers
to ergonomics questions are needed.
We have plans for many exciting new
projects and services in the years ahead.
They will be described in future Gate-
way issues. We hope you will avail
yourself of our services, and please, tell
your colleagues about the CSERIAC
“Human Factors Technology Store.”@

Reuben “Lew” Hann, Ph.D., is the Con-
tracting Olfficer’s Technical Represen-
tative (COTR) who serves as the
Government Technical Mownitor for the
CSERIAC Program.

Request for Topics
For
State-of-the-Art-Reports (SOARS)

CSERIAC makes every effort to be
sensitive to the needs of its users.
Therefore, we are asking you to
suggest possible topics for future
SOARS that would be of value to the
Human Factors/Ergonomics commu-
nity. Previous SOARs have included
Hypertext: Prospects and Problems
Jor Crew System Design by Robert J.
Glushko, and Three Dimensional Dis-
plays: Perception, Implication, Ap-
plications by Christopher D. Wick-
ens, Steven Todd, & Karen Seidler.
Your ihput would be greatly appre-
ciated. We are also looking for spon-
sors of future SOARs. CSERIAC is a
contractually convenient, cost effec-
tive means to produce rapid authori-
tative reports.

Send your suggestions and other
replies to Dr. Lawrence Howell, As-
sociate Director CSERIAC Program
Office, AL/CFH/CSERIAC, Wright-
Patterson AFB, OH 45433-6573.
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Chief Scientist’s Report Special:
Ergonomic Design Issues for the Composite Armored

Vehicle (CAV)

Michael D. Gravelle

ot often is one given the
opportunity to assist in the
conceptual design and de-
velopment of an advanced person-ma-
chine system. Traditionally, a great deal
of human factors involvement has taken
place in the later stages of the system
development process, or after problems
have been identified in existing systems.
Recently, CSERIAC initiated work on a
series of technical inquiries relating to
the ergonomic design of the Composite
Armored Vehicle (CAV). The CAV pro-
gram is managed by the Advanced Sys-
tems Concepts Division of the U.S. Army
Tank-Automotive Command (TACOM).
Its Research, Development, and Engi-
neering Center has created a series of
Technology Base vehicle concept pro-
grams to develop, demonstrate, and
exploit the technologies and design
techniques in preparation for the next
generation of armored vehicles to fol-
low the Armored Systems Moderniza-
tion (ASM) program. The CAV program
is looking at advanced technologies that
provide a more survivable, lethal, lighter,
and deployable ground combat vehicle,
such as composite structures, lightweight
armors, advanced armaments, integrated
2-person crew station, advanced pro-
pulsion, active suspension, and advanced
integrated survivability technology. See
the figure for a conceptual perspective.
To facilitate TACOM’s CAV concept
design and development, CSERIAC is
performing six Search and Summary
tasks and seven Review and Analysis
tasks. These efforts will help to formu-
late ergonomic design guidelines for the
CAV concept design and parametric
analysis. Following are the general
questions TACOM has asked ustoinves-
tigate. Ina future Chief Scientist’s Report
we will inform you of our responses and
recommendations.

What are the effects of crew encap-
sulation?

It is likely that crew members will be
confined to the vehicle for extended
missions. The effects of crew encapsu-
lation fall under the general notion of
habitability. Hunt (1987) defined hab-
itability as the elements in an environ-
ment that influence crew comfort, per-
formance, and productivity. Some of
these critical elements include mission
duration; crew characteristics (e.g., crew
size, gender, training, educational back-
ground and skill levels); operational
factors (e.g., work-rest cycles, workspace
volume, personal hygiene, confinement),
and various environmental factors (e.g.,
temperature, noise, vibration). We are
investigating all these issues.

What are the effects of varying an-
thropometric sizes?

The CAV program is interested in a
variety of anthropometric issues. One
concern is the effect of different an-
thropometric sizes (e.g., 95th, 75th,
50th, 25th, and 5th percentile male) on
various crew tasks, such as reaching all
the controls, viewing all displays, using
all vision devices effectively, and
entering and exiting the vehicle. They
are also interested in identifying an-
thropometric databases and models
that can be used to facilitate the design
of vehicles.

What types of crew restraints exist
for armored vehicles?

In an effort to increase safety and
enhance the crew performance, effec-
tive restraint systems are being investi-
gated for open and closed hatch opera-
tions. Since the crew will likely be

traveling over degraded terrain for ex-
tended periods, the need exists to
support or restrain these crew mem-
bers from jarring that will occur. We
are attempting to identify restraint sys-
tems from two domains: (1) commer-
cial, industrial, and military motor ve-
hicles, and (2) aerospace vehicles, in-
cluding restraint systems developed by
the Army, Air Force, Navy, and NASA.

Manned versus unmanned turrets?

Atank turret can be either manned or
unmanned. In a manned turret, the
crew member (gunner) is slaved with
the gun. That is, when the gunner
points in a certain direction with the
direct-view optic system, the gun also
rotates to that position. In this case, the
gunner is coupled with turret and thus
rotates with the gun. However, in an
unmanned turret, the gunner is posi-
tioned down in the hull of a tank, and
uses a remote-view optic system to
operate the gun. The gunner is now
separated from the turret, and the gun-
ner no longer rotates directly with the
gun system. We are identifying re-
search related to these rotation and
separation issues, and (dis)orientation
effects associated with turrets,

Remote- versus direct-view optics?

As a supplement to some of the
manned versus unmanned turret con-
cerns, we are also investigating visual
performance issues (e.g. depth/distance
perception, range-finding performance,
target acquisition, etc.) associated with
remote- and direct-view optics in gen-
eral, and as a function of varying dis-
play parameters {(e.g. field-of-view,
color, contrast, etc.).

Continued on page 6
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What are the effects on wheeled
versus tracked vehicles?

Wheeled and tracked vehicles can
have dramatically different effects on
crew comfort and performance. Stres-
sors such as noise and whole-body
vibration can significantly impair crew
member performance. We are explor-
ing the effects of these and other re-
lated stressors on crew performance
and comfort in both types of vehicles.

What are the implications of crew
size reduction?

With advancements in technology,
especially in terms of automation, the
required crew size for a tank is likely to
be reduced. Presently, most tanks are
operated by a crew of four. The CAV
program is exploring the implications
involved with three- and two-crew
member tanks. Some of the important
issues we are reviewing include task
distributions, workload concerns (both
mental and physical), fightability, and
sustainability among other factors.

What are the effects of various crew
seating arrangements?

The CAV is expected to be much
smaller, in terms of size and volume,
than any of its predecessor armored
vehicles. With reduced tank volume,
and thus compacted workspace, the
normal, upright seating posture may
be unacceptable. Therefore, we are
investigating the effects of alternative
seating positions (e.g., sitting at an
angle, prone, supine, kneeling, etc.)
on crew performance.

How does the crew dispose of any
waste?

Since crew members may be operat-
ing the CAV in a nuclear, biological,
and chemical (NBC) environment for
extended periods of time, they will
need access to a waste disposal system
without having to leave and reenter the
vehicle. Many questions need to be
answered, such as: Do any systems

currently exist? Can any system be
adapted? Where should the system be
located? How can comfort be in-
creased? How can privacy be main-
tained? What implication will a waste
disposal system have on the overall
CAV design and weight?

How much water and food are
needed for each crew member?

The amount of accessible water and
food should be great enough to sup-
port the crew for the entire length of
the mission. Given the mission profile,
how much water will be needed per
crew member for drinking, food prepa-
ration, personal hygiene, and waste
disposal?  What is the best method
for feeding crew members, with re-
spect to heating, storing, and prepara-
tion? How will these issues impact the
CAV design?

‘What are the effects of electromag-
netic gun systems?

The CAV designers are very con-
cerned about the short- and long-term
effects of electromagnetic gun systems
on crew safety, health, and perform-
ance. The following characteristics of

particular interest: pulses, wave ef-
fects, fields, and heat.

How to configure a 2-person con-
trol-display layout?

As part of a crew reconfiguration, it
is likely that two crew members will
work in tandem at an integrated crew
station. The design, selection, and
arrangement of a 2-person control-
display layout will be reviewed and
analyzed in terms of ergonomic crite-
ria. We also will investigate existing
integrated crew stations to determine
their applicability to the CAV design.

Concluding Remarks

We are still exploring and identifying
bibliographic information, research
activities, and subject-matter experts
relevant to all these technical inquiries.
If you can assist us in answering any of
these questions, please contact me at
the CSERIAC Program Office at (513)
255-4842 or DSN 785-4842. o

Michael D. Gravelle is the Sewior Technical
Analyst for CSERIAC.

A possible configuration of the CAV concept

]
|
electromagnetic gun systems are of |
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State-of-the-Art Report

DISPLAYS

and Karen Seidler
University of lllinois

ambiguities are suggested.

and graphic data analysis and imaging.

Laboratory, University of Illinois.

Program Office.

THREE-DIMENSIONAL

Perception, Implementation, Applications
Christopher D, Wickens, Steven Todd,

The perceptual basis of three-dimensional (3D) representation, recent advances in 3D
display implementation, and current 3D design applications are examined in this authontauve
review of the state of the art in 3D display technology. :

The report catalogues the basic perceptual cues that can be built into a display to convey a

" sense of “natural” 3D viewing or depth. It describes how the various cues interact and how

" cues can be combined appropriately to create the strongest sense of depth. )
Techniques for implementing perspective and stereoscopic displays are described in detail.

_ The report identifies some potential costs and risks associated with 3D display technology,

' including the potential for perceptual ambiguity. Ways of constructmg 3D dlsplays to reduce

| The efficacy of 3D vs. 2D representation is compared for various display contexts, and the
most useful 3D applications environments are noted. o
The report reviews 3D display technology applications in several major areas: flight deck

displays, air traffic control, meteorology, teleoperauon and robotics, computer—alded desxgn

Senior author of the report, Dr. Christopher Wickens, is head of the Aviation Research

The report is 126 pages and includes 22 flgures Cost is $75. To order, contact the CSERIAC
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Letter From
The Editor

Jeffrey A. Landis

or the past two years, CSE-
RIAC has distributed Gate-
way free of charge to its

readers. To keep doing this, however,
we need to reduce costs, especially
with regard to unwanted copies. You
can help us by providing a positive
response on the card inserted in this
section. This will tell us that you are an
interested reader of Gatewayand wish
to keep receiving it. The card will take
only a minute or two to complete, is
mailable without an envelope, and is
stamped with a return address and
proper postage.

Please help us to continue offering
Gateway as a quality publication with-
out charge to its readers, by returning
the card no later than 1 January 1992.

If you have any questions regarding
this procedure or any questions, sug-
gestions, or comments regarding Gate-
way, please direct them to me. Thank
you for your cooperation.

December 15-18, 1991

San Antonio, TX

Hypertext 91, sponsored by the Association for
the Computing Machinery SIGLINK, SIGCHI,
SIGOIS, and SIGIR. Contact John J. Leggett,
General Chair , Hypertext Research Lab, Dept. of
Computer Sciences, Texas A&M University,
College Station, TX 77843-31112; (409) 845-
0298, fax (409) 847-8578, Email:
leggett@bush.tamu.edu

April 7-10, 1992

Southampton, England

The Ergonomics Society 1992 Annual Confer-
ence, at the Aston University and Business
Centre. Theme: “Ergonomics For Industry.”
Contact EJ. Lovesy, Lynton, Horseshoe Lane,
Ash Vale, Aldershot, Hants GU12 5LJ; 02522
24461 ext, 4082. Abstract deadline: October 4,
1991.

May 17-22, 1992

Boston, MA

SID '92 International Symposium, Seminar, and
Exhibition, sponsored by the Society for Infor-
mation Display, at Hynes Convention Center.
Contact Paul M. Alt, SID '92 Conference Chair,
IBM Watson Research Center, P.O. Box 218,
Yorktown Heights, NY 10598; (914) 945-2437,
fax (914) 945-1974, Email alt@watson.ibm.com.
Abstract deadline: November 15, 1991.

February 18-21, 1992

Miami, FL

3rd International Conference on Management of
Technology, sponsored by the University of
Miami and the Institute of Industrial Engineers.
Contact Tarek M. Kahalil, Industrial Engineering
Dept., University of Miami, P.O. Box 248294,
Coral Gables, FL 33124-0623; (305) 2284-2344.

May 3-7, 1992

Monterey, CA

CHI ’92, the 1992 ACM Conference on Human
Factors in Computing Systems, sponsored by
ACM SIGCHI, SIGGRAPH, SIGCAPH, HFS, and
others. Theme: “Striking a Balance.” Contact
Carol Klyver, CHI '92 Executive Administrator,
P.O. Box 1279, Pacifica, CA 94044 (Express Mail
address: CHI '92 Office, 1355 Redwood Way,
Pacifica, CA 94044); (415) 738-1200, fax (415)
738-1280, Email: klyver.chi@xerox.com.

May 18-22, 1992

Dayton, OH

NAECON '92, the National Aerospace and Elec-
tronics Conference, sponsored by HFS, IEEE,
Aerospace and Electronic Systems Society, and
others, at the Dayton Convention Center. Con-
tact Mohammad Karim, Center for Electro-Op-
tics, University of Dayton, 300 College Park,
Dayton, OH 45469-0227, Abstract deadline:
November 15, 1991.

Notices for the calendar should be sent at least four months in advance to:

CSERIAC Gateway Calender, CSERIAC Program Office, AL/CFH/CSERIAC, Wright-Patterson AFB, OH 45433-6573
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Working Grous:ELECTRONIC IMAGING OF THE HUMAN BODYmarch 9-11 92

he Human Engineering Division of the

Armstrong Laboratory; the Mallinckrodt In-

stitute of Radiology; the Washington Uni-

versity School of Medicine; and the Lister-

Hill National Center for Biomedical Com-
munication, National Library of Medicine are spon-
soring a working group on
electronic imaging of the
humanbody. Electronicim-
aging of the surface of the
human body has been pur-
sued and developed by a
number of disciplines in-
cluding radiology,foren-
sics,surgery,engineering,
medical education, and
anthropometry. The appli-
cations range from recon-
structive surgery to com-
puter-aided design (CAD)
of protective equipment.
Although these areas ap-
pear unrelated, they have
a great deal of commonal-
ity. All the organizations
working in this area are
faced with the challenges
of collecting, reducing, and
formatting the data in an efficient and standard
manner; storing this data in a computerized data-
base to make it readily accessible; and developing
software applications that can visualize, manipu-
late, and analyze the data.

This working group is being established to en-
courage effective use of the resources of all the
various groups and disciplines involved with elec-
tronic imaging of the human body surface by provid-
ing a forum for discussing progress and challenges
with these types of data.

Parties wishing to participate in this workshop
are invited to submit a position paper on a topic that
they are qualified to discuss and explore. A detailed
information packet discussing the workshop and
position paper requirements can be obtained by
contacting the CSERIAC conference coordinator.

POTENTIAL

TOPICS

W Development of Scan-
ning Systems

W Data Storage and Inter-
change Format Stan-
dards

W Calibration, Validation,
and Evaluation of Scan
ning Systems

W Data Analysis: Image
Processing and Display

M Physically Based Model-
ing of Deformable
Objects
Location:
Dayton Marriott Hotel, Dayton, Ghio
Date:

March 9-11, 1992

For more information contact:

Wes Grooms, Gonference Coordinator
CSERIAC Program Office
AL/CFH/CSERIAC

Wright-Patterson AFB, OH 45433-6573
TEL: 513 255-4842 FAX: 513 255-4823
DSN: 513 785-4842 FAX: 513 785-4823
Paper submission deadline:

31 December 1991

Fall 1991




GATEWAY

Aircrew Coordination Training (ACT) Program

Robert A. Alkov

ircrew error mishaps ac-
counted for 63% of all flight
mishaps in Navy/Marine
rotary wing aviation in 1988 for a rate
of 6.5 per 100,000 flight hours. For
two-thirds of these, some degree of
poor aircrew coordination was a con-
tributing factor. For the EA-6 and A-6
attack bomber aircraft, aircrew error
during 1988 accounted for 46% of all
their flight mishaps. Of these, 78%
were related to poor aircrew coordina-
tion, a loss of situational awareness, or
pilot judgment. The human error rate
for all flight mishaps in this community
was 7.61 in 1988,

With advances in aircraft design,
maintenance procedures, and standard-
ized operations, aircraft have become
more reliable. However, their aircrews,
who are highly trained in dealing with
programmed mechanical problems,
are not preventing aircraft accidents.
Concentrating on human engineering
design of cockpits, better pilot train-
ing programs, and improved training
procedures has helped, but pilot
factor mishaps continue. Aircraft mis-
haps tend to be attributed less to me-
chanical failure and more to human
error. In recent years, there has been
a growing realization that crew coordi-
nation and situational awareness con-
tribute significantly to multi-crewed
aircraft mishaps. With this realization
has come the understanding that train-
ing can help.

Factors such as flight experience,
proficiency, lifestyle, and personality
affect the quality of cockpit communi-
cations. Crew coordination is adversely
affected where communications break
down in the cockpit. Aircrew mem-
bers should be encouraged to offer
verbal assistance, including opinions

on mission parameters, regardless
of the pilot’s seniority. Naval aviators
must be impressed with the need
to heed the inputs of their
crewmembers. Mission briefing must
include discussing specific cockpit
procedures and communication feed-
back responsibilities.

Sponsored by the Naval Safety Cen-
ter, a trial program to teach aircrew
coordination skills to helicopter fleet
Replacement Training Squadrons
(RTSs) was undertaken during fiscal
year (FY) 1988. The training went
beyond the usual leadership and asser-
tiveness training used by various air-

lines under their cockpit resource man-
agement training themes. Curriculum
content covered aircrew judgment, loss
of situational awareness, stress coping,
risk management, workload assess-
ment, the use of check lists, and flight
planning, in addition to developing
communications skills.

The goal of the program was to
develop a standardized aircrew coor-
dination training program to be man-
aged and run by Navy and Marine
Corps aviation training squadrons. A

cadre of Navy and Marine helicopter
flight instructors was trained at CAE-
Link in Dallas. They then returned to
their RTSs to set up the training with
the help of the contractor.

A follow-on contract to expand the
program into fixed-wing tactical avia-
tion began in FY 1988. This included
carrier-borne aircraft such as the A-6
attack bomber, the F-14 fighter, the S-
3 anti-submarine warfare aircraft, and
the E-2 airborne early-warning aircraft.
Additional funding was granted during
FYs 1989 and 1990 to add training for
the aircrews of all multi-crewed trans-
port and patrol aircraft including the P-
3, E-6, C-2, C-9 and C-130. The Naval
Air Training Command received the
program during FY 1991.

Navy and Marine Corps helicopter
and fighter/attack aircraft training
squadrons were the first to receive
aircrew coordination training (ACT)
because of their high aircrew error
mishap rates. The project was funded
by fiscal year which runs from 1 Octo-
ber to 30 September. The course
content and curriculum were devel-
oped during FY 1988. The program
was introduced into the aviation train-
ing squadrons’ syllabi during FY 1989,
By FY 1990, aircrews instructed in the
training squadrons began to take the
principles they learned into fleet op-
erational squadrons.

The training squadrons attending the
program have largely reported that
they benefitted from it and wish it to
continue. Many commanding officers
of fleet replacement squadrons, al-
though skeptical at the onset, now
endorse the training for all aircraft
squadrons. ‘They report that it has
contributed to better communications

Continued on page 10
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between RTS instructors and replace-
ment pilots. Because of better preflight
briefings and postflight debriefings,
ACT has increased the overall effi-
ciency of their syllabus flight time.
What of the mishap experience? The
aircrew error mishap rate has declined
dramatically in the aircraft communi-
ties into which the program was first
introduced (see figure).

New aircraft procurements, such
as the V-22 “Osprey” will have air-
crew coordination training integrated
into their simulators, manuals, and
training programs from the beginning.
Infra-red video cameras will be in-
stalled in weapons systems trainers
and operational flight trainers to en-
able aircrew trainees to get feedback of
their performance.

Because of the success of the project,
the Marine Corps Combat Develop-
ment Command at Quantico, Virginia;
the US Air Force’s Air Training Com-
mand; and the US Army Apache Heli-
copter Training Brigade at Fort Hood,
Texas have now adopted the Naval
Safety Center’s ACT program, purchas-
ing it from CAE-Link “off-the-shelf.”

The ACT program is currently under
the sponsorship of the Chief of Naval
Operations, (CNO OP-59). Plans are
forming for continuing follow-up train-
ing of replacement instructors. The
Naval Air Systems Command (PMA-
205) has funded the Naval Training
Systems Center in Orlando, Florida to
“institutionalize” this training through-
out naval aviation.

As new information and techniques
are developed they will be included
in the training. ACT, as a viable and
useful program must grow and change
to meet the new challenges to aircrews
that the next generation of aircraft
will impose. It's a concept whose time
has come. @

Robert A. Alkov, Ph.D., is a Research
Psychologist in the Aeromedical Division,
Aviation Safety Programs, Naval Safety
Center, Norfolk, VA.
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Impact of ACT as measured by the US Navy Aircrew error mishap rates per 100,000
Slight bours (Class A, B, & C flight mishaps)

State-of-the-Art Report

HYPERTEXT

Prospects and Problems for Crew System Design

Robert J. Glushko
Search Technology

This informative report reviews the state of the art in the important new field of hypertext, an
innovative concept for displaying information on computers that uses nonlinear methods for
linking related information. Hypertext can significantly improve the accessibility and usability of
on-line information for crew system designers and users. The report discusses:

Definitions and historical context: What hypertext is and why it has recently emerged as an
important design concept.

. Hypertext applications: How hypertext concepts can be applied in crew system design,
including on-line presentation of handbooks, standards documents, software manuals, and
maintenance aids.

Hypertext design and technology: The elements of hypertext, and software and hardware to

support its implementation.

Hypertext development: Practical advice for designing hypertext capabilities into information

systermns.

The report is 88 pages and includes 17 figures. The cost is $75. To order, contact the CSERIAC
" Program Office.

Fall 1991
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Mannequin'™:

Human Computer-Aided Design on a PC

Clifford M. Gross

HUMANCAD®

annequin is a PC-based er-
gonomic design and analy-

sis program used to evalu-
ate the interaction between people and

products. Numerous human models
exist and are used in computer envi-
ronments (i.e., Combiman, Jack, etc).
However, a sophisticated, easy to use,
PC-based, three-dimensional model has
been lacking. Mannequin was devel-
oped as a portable tool for field ergo-
nomists. The product effectively com-
bines the standard “tools” of the trade
(i.e. biomechanical models and data-
bases) with sophisticated computer-
aided-design capabilities suitable
for operation on a small laptop or
notebook sized computer (.e., 386
16 MH2).

With Mannequin, the user can create
and articulate three-dimensional hu-
man figures of men and women from
the 2.5th to 97.5th percentile (Fig. 1)
from ten countries. Additionally, so-
matotypes may be selected for thin,

Figure 1. Mannequin percentiles for U.S.
males

average, and heavy builds. Children
are available for ages three through
twelve. Mannequin articulates human
figures allowing them to walk, bend,
reach, grasp, and see.

The goal of Mannequin is to allow
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Figure 2. Accessing Mannequin program features

designers and engineers to evaluate
“human fit.” This has been shown to
have a positive effect on customer
satisfaction as well as compressing the
product development cycle.

For manufacturing or crew station
ergonomic assessments, the workplace
or flight deck is the laboratory. This
improves the generalizability of assess-
ments and ergonomist productivity.
The latter has become quite important
in the ergonomic service business.
Modern ergonomists are faced with
heavy demands to complete projects
quickly; to perform accurate, quantita-
tive assessments; and to develop pres-
entation materials for the communica-
tion of their assessments and recom-
mendations.

Mannequin allows the user to better
understand the interaction between
people and products. The interface
uses pull-down menus in a windows-
like environment. Program features
are selected from either a pull-down
menu or an icon (Fig. 2). Humans are

selected by pointing toward the hu-
manoid icon.

Data Development

Mannequin data were developed in
two ways. Existing anthropometric
measurements were obtained from the
world literature for each of ten coun-
tries. These data, however, were lack-
ing in three-dimensional surface infor-
mation. To improve the three-dimen-
sional quality of the mannequins, par-
ticular-sized individuals were sonar
digitized. From the sonar-digitized
data, equations were developed for
predicting surface geometry as a func-
tion of link lengths and specific cir-
cumferential measures. This approach
has enabled Mannequin developers to
give three-dimensional form to flat
anthropometric databases. The bodies
consist of more than 3,000 polygons.
Joint ranges-of-motion are as specified
by the American Academy of Orthope-

Continued on page 12
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Figure 3. Mannequin body posture gallery

Figure 5. Hand with articulated fingers

dic Surgeons. The range-of-motion for
the hands and feet is automatically

IH 8i56:29 an LI | calculated with a built-in function.
Peovle
O Body Positioning
[
t2e] | The initial position of the body may
. be posed by selecting an icon from the
body posture gallery (Fig. 3). Addi-
tionally, the hands may be posed
‘ through a selection from the hand
i posture gallery (Fig. 4). To allow the
user to assume different grips, the
hands are fully articulatable in three
dimensions about each finger joint
BACK (Fig. 5)
LEF TIRIGHT]
BOLITOR Articulation
PIEW]4VIE W]
STt

Articulating the figures is straightfor-
ward. You point with the mouse to the
limb you would like to move and then
you pull one of the X, Y, or Z slider bars
to produce the angular motion in
real-time. This easy manipulation of
Figure 4. Mannequin hand posture gallery human-object combinations is essen-
tial for practical human computer- '
aided-design.
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Figure 6. Vision and range of motion
assessment 50th percentile U.S. male

Visual Range-of-Motion

Cones of foveal and peripheral vi-
sion may be indicated on the screen. In
addition, a “human view” option is
available which allows the user to look
through the eyes of the mannequin.
This is useful in gauging obstructions
and visual clearance as it relates to
specific percentile users (Fig. 6).

Torque Assessment

A built-in biomechanical torque cal-
culator allows the user to measure
torque on all measured body joints.
Torque may be calculated and com-
pared bilaterally; also comparisons may
be made on body torque for one task
vs. another (Fig. 7).

Grouping People with Objects

A group function is available which
provides the ability to group manne-
quins with objects, i.e., grasping a
flight control with the right hand or
lifting a box. With the group function
in place, objects will follow the people
holding them.

Viewing
A zoom feature is provided which

allows you to magnify or reduce any
Continued on page 14
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Figure 7. Torque assessment and graphic display
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Figure 8 Multiviewing capability
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—
part of the screen. Multiviewing capa-
bilities provide an option of one to four
views simultaneously on the screen
(Fig. 8).

Other Features

A data window may be called up for
any selected Mannequin to gather three-
dimensional body information in met-
ric or English units. The program
contains basic three-dimensional draft-
ing capabilities although it is not in-
tended as a primary CAD station. These
capabilities included dimensioning,
shading, hidden line removal, rotation,
scaling, stretching, lathing, and extrud-
ing two-dimensional objects into three-
dimensional objects.

Mannequin runs freestanding, with-
out any other CAD package. However,
it can exchange files between most
popular CAD and graphics programs
designed for the PC. Mannequin pro-
duces simple animations through a
screen-save-and-play module. Also,
Mannequin may be used to create key
frames for true animation packages
such as Autodesk’s 3D Studio and
Macromind’s Director.

For output, a large variety of printers
and plotters are supported along with
3D DXFE. Also, two-dimensional draw-
ing formats are produced for incorpo-
rating images of these three-dimen-
sional CAD drawings into paint, graph-
ics, and desktop publishing packages.
These file formats include Al, .CGM,
.DRW, .DXF, .EPS, .PICT, .PICT2, WMF,
BMP, .IMG, .GIF, .MAC, .PCL, .PCX,
and .TIFF. Two-dimensional bit mapped
images are useful for communicating
the results of ergonomic assessments.

Additional screen output may be
produced in wire frame or solid model
formats (Figs. 9-11).

The system requirements are an IBM
or compatible 286, 386, or 486, math
coprocessor, hard drive, 2 Mb or more
of RAM, IBM EGA or VGA Display, and
a mouse.

Mannequin is available from Hu-
manCad, 1800 Walt Whitman Road,
Melville, NY 11747 (Tel: 800-437-4441,
Fax: 516-752-3507). ®

Clifford M. Gross, Ph.D., is the CE.O. of
Biomechanics Corporation of America,
Melville, NY.
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Figure 10. 3-D view of operator in
instrument panel

Figure 9. 3-D view of crew station with bidden line removal

Figure 11. Mannequin with belmet
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Peddling Your Wares:

CSERIAC’s New Technology Transfer Program

Craig J. Dye

ince its inception, CSERTAC
has strived to be a center of
excellence for the analysis
and dissemination of human factors
information. This information has usu-
ally taken the form of critical analysis'of
human factors literature, but has also
included certain models and databases.
CSERIAC is now developing a compre-
hensive technology transfer (TT) pro-
gram to complement the other
services we provide to the human
factors community. While continually
upgrading our publications and tech-
nical inquiry service, CSERIAC is ac-
tively improving its capability to iden-
tify and distribute current human fac-
tors-related technologies.

Since 1980, the realization that the
United States was not fully using the
fruits of our collective technological
achievements prompted legislative ac-
tions to correct this deficiency. Several
government agencies and organiza-
tions were created at all levels to facili-
tate the transfer of technology within
their respective domains. However,
no organization has been dedicated to
actively providing a comprehensive
nationwide avenue for TT among the
government, private, and academic
centers producing and using human
factors-related technologies. Ergo, many
of the technologies developed within
federal, academic, and private labs
which would benefit human factors
have not been given their due expo-
sure, and the human factors commu-
nity has been the less for it.

CSERIAC is prepared to fill this im-
portant and much-needed role. Just as
CSERIAC serves as a nationwide gate-
way for the analysis of human factors-
related information, so could it serve as
a nationwide gateway for the transfer
of human factors-related technology.
Although CSERIAC has always been
involved with TT to some extent, our
new TT program adopts a more active

and encompassing approach toward
the identification and distribution of
our technologies. We plan to identify
those technologies developed at all
federal labs nationwide which would
be of interest to the human factors
community. This includes not only
DoD laboratories, but NASA, FAA and
DoT labs as well. In the future, these
efforts will include academic and pri-
vate labs. The technologies may be in
the form of software models, data-
bases, publications, reference works,
utility programs (for data collection,
reduction, and/or analysis, for ex-
ample), or applicable concepts. In this
way, CSERIAC will provide a more
robust collection of products designed
to benefit the human factors scientist.

Our goal, in short, is to effectively
identify, distribute, and/or refer clients
to high-quality technologies developed
to expedite solutions to human factors
problems. We desire to eventually be
a comprehensive source, a premier
gateway, if you will, for the transfer of
human factors-related technologies.

Towards this end, we are currently
upgrading our marketing materials to
include a new general information bro-
chure; a CSERIAC catalog describing
all of our products, publications, and
services; as well as a detailed brochure
for each. In addition, we are contact-
ing experts in the field of technology
transfer, attending relevant technology
transfer conferences, and acquiring
information on the various databases
and listings of potential technologies
for dissemination.

Once developers permit CSERIAC to
market their product/technology,
marketing strategies and materials will
be developed for the technology, an
article will appear in Gateway an-
nouncing the product, the CSERIAC
product catalog will be updated, the
documentation (and source code, if
necessary) will be reviewed for im-

provement, and one or more CSERIAC
technical analysts will become familiar
with the product to better support
inquiries regarding it. Most important,
the developer will be given credit
for the technology at every opportu-
nity: on internal CSERIAC product lists
for use during phone-in queries; in
the CSERIAC product catalog; and par-
ticularly on the detailed brochure for
the product.

In the future, as we identify and
screen technologies for inclusion in
the CSERIAC inventory, we may de-
velop Cooperative Research and De-
velopment Agreements (CRDAs) with
the developers of the technologies to
upgrade the product. Another possi-
bility is setting up a subscription ac-
count for improving the source code
and/or documentation of a program. It
is also possible that a human factors
technology transfer network could be
established to more efficiently expose
new technologies to the ergonomics
community. CSERIAC workshops/sym-
posia/conferences may be organized
to further increase the awareness of
designers and human factors scientists
regarding available tools.

We are obviously excited about the
potential for CSERIAC’s TT program.
Much work lies ahead, but the enor-
mous payoffs for the human factors
discipline surely justify this worthwhile
effort. At this time, we are beginning
to identify technologies which might
be of interest to the human factors
community. If you have developed,
or know of, any quality technologies
or concepts which have applications
in the human factors arena and merit
greater exposure, please contact
Craig Dye at the CSERIAC Program
Office. Any assistance will certainly
be appreciated. L

Craig Dyeisthe Technology Transfer Analyst
JSor CSERIAC.
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CSERIAC Service:

Analyses from the Biodynamics Data Bank

Trudy Abrams

everal recent Gateway is-
sues have described the
development of computer
models that used data from the Biody-
namics Data Bank (See articles titled
“Modeling Human Force Response” in
Vol II, Nos. 1-3), and we thought it a
good time to highlight this truly unique
resource. CSERIAC analysts have on-
line access to this extensive collection
of biodynamics experimental data and
in-depth expertise on how to extract
and apply the wide range of informa-
tion available.

Originally conceived as the founda-
tion for a National Biomechanics Data
Bank, the BDB at this stage contains
descriptive and summary information,
and pointers to raw data, for impact
acceleration tests and studies conducted
at what is now the Escape and Impact
Protection Branch of the Armstrong
Laboratory’s Biodynamics and Biocom-
munications Division (AL/CFBE).
Twenty-seven experiments (studies)

spanning a 15-year period and encom-
passing over 4,900 impact tests are
currently represented in the data bank.
Of these 4,900 tests, 43% involved
human subjects for whom extensive
anthropometry is also available. Fig-
ure 2 (shown on page 18) is a docu-
mentary photo from such a test — in this
case, one done on the Horizontal Im-
pulse Accelerator. Three other impact
facilties, two of them drop towers, are
also represented in the BDB. It is
difficult to adequately describe the size
and scope of this database. The BDB
encompasses ten different interrelated
record types with a total of well over
a thousand fields, many of them
composite lists. This means thousands
of pieces of information describing
each test.

Supported by a full-text database
management system (BASISplus) and
designed with the flexibility to accom-
modate changing research objectives
which mean changing experimental

variables, the BDB hierarchical and
relational structure allows for hundreds
of access points and retrieval routes for
these thousands of pieces of informa-
tion. Data relationships are indicated
in the structure diagram shown in
Figure 1. Each STUDY record contains
a synopsis of the total experiment
including hypothesis, results, etc. The
“P” record types PTSTINDX, PTST-
DATA and PTSTLOG supply “parame-
ter” or variable names that have the
potential to change from study to study.
TSTINDX, TSTDATA, and TSTLOG
record types, respectively, contain the
actual data values that are paired with
these variable names. Each of these

three record types contains different |

types of test information. A single
record called the Anthropometry Meas-
urements Directory provides a glos-
sary of terms and pointers to the mne-
monijc (“short”) variable names of the

anthropometry records (ANTHRO). It
also allows for adding new anthro-

FENEESEENFE NS ERENERENEERUEERREER S'IUDY
= Protocol Number(s) Study Number BIBLIO
: Study Number
: T |
: PTSTINDX PISTDATA [~ PTSTLOG
Subject ID
ANTHRO TSTINDX TSTDATA |~ TSTLOG
(Interpretation, ||| No Direct Link) Test Number
ANTHRO
MEASMTS
DIR

] Figure 1. Logical structure of the Biodynamics Data Bank showing record relationships

|
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pometry measurements that were pre-
viously undefined without changing
the database schema. The bibliographic
records (BIBLIO) represent literature
or presentations based on experiments
described in the BDB and other
biodynamics references.

Researchers interested in a particu-
lar study or a particular hypothesis can
follow routes beginning with the over-
view or synopsis of the study itself.
Researchers interested in analyzing the
responses of human subjects with par-
ticular physical attributes (or those of
manikins, or animals) can begin with
TSTINDX or ANTHRO records and
follow routes across studies if they
wish. Researchers looking for a test or
a group of tests with particular input
and output variables, like Norm Phil-
lips whose articles are mentioned
above, can select from the entire data-
base according to their criteria and
without concern for the study or stud-
ies that spawned those tests, if that is
reasonable.

In describing the Biodynamics Data
Bank and the kind of analyses CSE-
RIAC can offer, we want to emphasize
its front-end, “information-organizing,”
“information-descriptive,” and “infor-
mation-validating” functions. One of
the most serious impediments to the
scientific ideal of sharing data to save
time, expense, and trauma to human
and animal subjects is not necessarily
the unavailability of data; it is the lack
of descriptive information needed to
access, interpret, and substantiate the
data, and of the means for relating the
data in different ways. Having access
to a library of data tapes containing
measurement data is, of course, a sine
qua nonif one wants to reuse data. But
unless one can connect the data to all
the input parameters, that output can
not be used beyond its initial analysis.
In the case of impact acceleration data,
for example, voltages representing the
time history for a data channel might
represent raw output. But what about
the electronic factors needed for equa-
tions leading to meaningful response
data— the type accelerometer or load
cell used, the filter frequency, sensitiv-

ity and gain of the device, etc? And
what were the circumstances under
which that data was gathered? Type of
facility and impact direction? Coordi-
nate system? Type and physical char-
acteristics of the subject? Seat design
and seat plane inclinations? Harnesses
and preloads? Headrest? Helmet?
Bracing techniques? Clothing? In
other words, what are the factors that
let a “secondary researcher” know that
this data can be used to answer a new
hypothesis, and what are the factors
that could relate, in a new way, this
particular set of data to other sets in the
same study, or to other sets in different
studies? Some examples of past BDB
searches and analyses will further illus-
trate the value of this collection of data
and of the retrieval system that sup-
ports it.

Researchers at the Workload and
Ergonomics Branch of the Armstrong
Laboratory, Crew Systems Directorate,
Human Engineering Division (AL/
CFHW), wanted to develop a correla-
tion matrix from a dozen or more
anthropometric values and a dozen or
more peak values of impact accelera-
tion test responses to determine what
role, if any, anthropometry played in
those responses. The preliminary tasks
were to identify at least 30 impact
acceleration tests with a constancy in
input variables but with different sub-
jects, and then, for the selected tests, to
extract summary response data for all
the data channels and anthropometric
data for each of the subjects involved.

Deciding on what constituted com-
mon, or shared, input variables that
would result in a sample set of at least
30, without specifics for all the vari-
ables in mind, was not a trivial task.
From our knowledge of and familiarity
with the collection as a whole, we
zeroed in on male subjects and tests
with +Gz peak acceleration between
9.5 and 10.5 G conducted on the Ver-
tical Deceleration Tower, because we
knew that would give us the largest set
to look at initially, and because we
knew that helmets, mostly of one type,
were worn on all Vertical Deceleration
Tower tests and that there were only a

few variations in restraint harness for
such tests. The data bank indicated
that there were 281 tests meeting those
criteria, and that the tests came from six
different studies. Examination of the
study synopses, however, raised “red
flags” and led us to other criteria.
Three of the studies involved modified
crew seats and restraint types, and
even the control cells from those stud-
ies proved incompatible with the other
three studies. Another study evaluated
the effect of seat cushions and seat
back angle, and those (even the con-
trols) proved unusable also. At this
point we narrowed the acceptable range
of peak G acceleration to between
10.25 and 10.50, because that range
was more acceptable for constancy,
and because that seemed to be charac-
teristic of most of the remaining tests.
We also added rise time, seat back
angle, and seat pan height to our list of
constancy criteria, and included the
requirements of a negative g-strap and
standard seat cushion.

One cell in each of the two remain-
ing potentially compatible studies was
appropriate, and that yielded a total of
35 tests. But many of the subjects had
taken part in both studies and in sev-
eral tests in each. To correlate anthro-
pometry with response, we needed
different subjects for each test-subject
pair in our new sample set. A more
recent study not yet represented in the
data bank came to mind, and one cell
of that study matched the input vari-
ables we had zeroed in on, giving us a
total of 49 compatible tests. Participat-
ing in these 49 tests from the three
different studies were 39 individual
subjects, enough for a sample.

Summary response data could have
come from the BDB for tests repre-
sented in the data bank, but with the
test numbers and studies identified,
AL/CFBE engineers were able to quickly
supply these values for all three of the
studies from their data files. For each
of the 39 subjects, 50 to 60 anthropom-
etric values were supplied from BDB
anthropometry records. The ergo-
nomics researchers ran their statistical

Continued on page 18
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Figure 2. A sled test, typical of the type
currently represented in the BDB

. programs on the correlation matrix
i developed from these data sets and
delivered their results.

| As Norm Phillips’ articles indicated,
actual test data is crucial for develop-
ing and validating computer models.
Some time ago, engineers at what is
now the Vulnerability Assessment
Branch of the Biodynamics and Bio-
communications Division (AL/CFBV)
were asked to run simulations using
the Articulated Total Body Model (ATB)
i in support of research in C-17 surviv-
| able crashes. Several BDB sessions
were necessary to locate and retrieve
| impact acceleration data that could
| validate the simulations before predic-
tive data could be generated.

The model had to be validated using
real —-Gx impact response data gener-
ated in an environment similar to that
of the C-17, so not only were harness
types and belt configurations matched
| insofar as possible to those used in the
C-17, but other harness characteristics
such as elasticity and pre-tension were
addressed as well. Initially, a 95th-
| percentile body size for human or
manikin subjects was requested, so
sitting height and weight were included
as criteria. Later it was decided that
human subjects would be better so that

criteria for age, stature, mid-shoulder
sitting height, chest circumference,
buttock-knee length, head length, and
knee height could also be used for test
selection. Appropriate test ranges of
peak G-level, maximum velocity, and
impact duration were also important,
and this narrowed the sample further.

Two suitable tests were identified
and maximum and minimum chest
accelerations, head accelerations, shoul-
der strap loads, and total lap loads
were retrieved from the BDB for all
three orthogonal axes and the resul-
tants. The times of impact maximum
and minimum for each of these meas-
urements were also retrieved, so re-
sponse data could be linked to photom-
etric data. Exact fiducial (target) loca-
tions were supplied as well from BDB
TSTLOG records. All of this informa-
tion allowed the ATB experts to vali-
date the model to C-17 Program Office
objectives and then to run the predic-
tive simulations.

While the two examples above really
“put the BDB through its paces” and
required considerable human-machine
interaction in a continual search-and-
analysis process, many times the data
bank’s value is demonstrated (though
not always noticed) by exercises which
take only a few minutes. These “duck
soup” chores for the BDB can actually
save anywhere from a few hours to
several months of work. Some time
ago biomedical researchers began an
investigation of female air crew re-
sponses to acceleration impact. The
BDB helped launch their investigation
by determining, within minutes, that
data was available for 7 different women
who had participated in a total of 110
tests spanning 12 different studies and
5 different impact acceleration direc-
tions with peak inputs of 3 to 13 G.
Details of the tests, the studies, and the
women’s anthropometry records were
then provided as necessary.

Often, a “no” answer saves as much
time as a “yes” answer, and “wrong”
results can be profitably applied else-
where. Recently the Army requested
information on “helmeted tests” in the
—Gx direction. The BDB search showed
that helmets were not worn by subjects
during —Gx tests, but identified 1,038
+Gz and +Gy tests (manikin and hu-

man) where the wearing of helmets
was indicated. The “no” answer for the
availability of -Gx helmeted tests un-
doubtedly disappointed the Army, but
the Air Force was still saved hours and
hours that would have been spent just
to determine whether they could sup-
ply the data, Meanwhile, the Air Force |
engineer who requested the search
realized that the +Gz and +Gy test
information was valuable for another
helmet study being conducted within
his own branch and passed on the list
of test numbers.

In working with the Biodynamics
Data Bank, one cannot help being
reminded again and again of the com-
plexity of scientific data gathering in
today’s world, and what that means in
terms of record keeping. The volume
of data needed to describe, document,
and report just a single measurement
or a single test makes yesterday’s “lab
notebook” woefully inadequate. The
counterpart and complement of to-
day’s electronic data-generating and
data-gathering equipment is an elec-
tronic notebook and filing system like
the Biodynamics Data Bank. The first
prototype proved workable and valu-
able; the second “edition” is now being
implemented.

Data from the original BASIS (ver-
sion K) data bank, which provided the
platform for the search and retrieval
examples above, has been migrated to
the new version L (BASISplus) format
shown in the figure. Testing of the new
version is currently under way and
CSERIAC analysts and software engi-
neers are hoping to support continued
development and refinement of the
data bank. This development is ex-
pected to be mainly in the areas of
enhanced user interfaces for retrieval
and display, more efficient updating
procedures for incorporating AL/CFBE
impact acceleration data not yet in the
data bank, and the inclusion of biody-
namics data from other sources.

CSERIAC is happy to answer ques-
tions on the Biodynamics Data Bank
and to provide analysis services based
on this unique source of information. @

Trudy Abrams is a Systems Engineer for
CSERIAC.
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Of Course not...but are you
making this assumption when design-
ing equipment for the human operator?
Many designers continue to work on the
assumption that humans should be
forced to “fit” the system, rather than
the other way around. People differ not
only physically, but mentally and emo-
tionally, as well. These “human fac-
tors” need to be considered in any com-
plex man-machine system. For the right
design decisions you need an ergonom-

ics information source which provides

fast, accurate, expert advice and tools.
The Crew System Ergonomics Infor-
mation Analysis Center (CSERIAC, for
short) is your one stop human factors
technology “store.” With one phone
call, you can have your technology
questions answered, customized litera-
ture searches carried out, purchase state-
of-the-art ergonomics software, or even
have ahuman factors workshop planned
and conducted for you.

Sound interesting? Call (513) 255-4842
today for more information

CSERIAC: Your Human Factors
Technology Store.

CSERIAC Program Office
AL/CFH/CSERIAC

Wright- Patterson AFB, OH 45433-6573
TEL: 513 255-4842 FAX: 513 255-4823
DSN: 513 785-4842 FAX: 513 785 4823

ARMY NAVY AIR FORCE NASA FAA NATO
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GSERIAC
PRODUCTS AND
SERVICES

CSERIAC's objective is to acquire,
analyze, and disseminate timely infor-
mation on crew system ergonomics
(CSE). The domain of CSE includes
scientific and technical knowledge and
data concerning human characteris-
tics, abilities, limitations, physiological
needs, performance, body dimensijons,
biomechanical dynamics, strength, and
tolerances. It also encompasses engi-
neering and design data concerning
equipment intended to be used, oper-
ated, or controlled by crew members.

CSERIAC's principal products and
services include:

e technical advice and assistance;

e customized responses to biblio-
graphic inquiries;

e written reviews and analyses in
the form of state-of-the-art reports and
technology assessments;

e reference resources such as hand-
books and data books.

Within its established scope, CSERIAC
also:

e organizes and conducts work-
shops, conferences, symposia, and
short courses;

¢ manages the transfer of techno-
logical products between developers
and users;

e performs special studies or tasks
for government agencies.

Services are provided on a cost-
recovery basis. An initial inquiry to
determine available data can be ac-
commodated at no charge. Special
tasks require approval by the Program
Manager.

To obtain further information or re-
quest services, contact:

CSERIAC Program Office
AL/CFH/CSERIAC
Wright-Patterson AFB, OH 45433-6573

Telephone.........ccccovieeennee (513) 255-4842
DSN i 785-4842
Facsimile ........ccccccoviiennnn. (513) 255-4823

Associate Director: Dr. Lawrence D.
Howell; Contracting Officer’s Techni-
cal Representative: Dr. Reuben L. Hann;
DoD Technical Director: Dr. Kenneth
R. Boff.

CSERIAC Gateway is published
quarterly and distributed free of
charge by the Crew System Ergonom-
ics Information Analysis Center
(CSERIAC). Editor: Jeffrey A. Landis;
Assistant Editor: Christopher J.
Sharbaugh; Copy Editor: R. Anita
Cochran; Production Advisor: Thomas
A. Hinson; Hlustrator: Timothy J. Span;
Layout Artist: Vicky L. Chambers.
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